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INTRODUCTION:  Patients  with  combined  esophageal  atresia  (EA),  tracheoesophageal  ﬁstula  (TEF),  and
duodenal  atresia  (DA)  pose  a rare  management  challenge.
PRESENTATION  OF  CASE:  Three  patients  with  combined  esophageal  atresia  (EA), tracheoesophageal  ﬁs-
tula (TEF),  and  duodenal  atresia  safely  underwent  a staged  approach  inserting  a  gastrostomy  tube  and
repairing  the  EA/TEF  ﬁrst  followed  by a duodenoduodenostomy  within  one  week.  None  of the patients
suffered  signiﬁcant  pre-  or post-operative  complications  and  our  follow-up  data  (between  12 and  24
months)  suggest  that  all patients  eventually  outgrow  their  reﬂux and  respiratory  symptoms.sophageal atresia
racheo-esophageal ﬁstula
uodenal atresia
urgical management
DISCUSSION:  While  some  authors  support  repair  of all defects  in one  surgery,  we recommend  a  staged
approach.  A  gastrostomy  tube  is placed  ﬁrst  for gastric  decompression  before  TEF  ligation  and  EA  repair
can  be  safely  undertaken.  The  repair of  the  DA can  then  be  performed  within  3–7  days  under  controlled
circumstances.
CONCLUSION:  A  staged  approach  of inserting  a gastrostomy  tube  and  repairing  the  EA/TEF  ﬁrst  followed
by  a  duodenoduodenostomy  within  one  week  resulted  in excellent  outcomes.
blish©  2013  The  Authors.  Pu
. Introduction
The incidence of esophageal atresia (EA) is approximately 1
n 3000 live births. It is often associated with other anomalies
uch as vertebral anomalies, anal atresia, cardiovascular anoma-
ies, tracheoesophageal ﬁstula (TEF), renal anomalies, limb defects
VACTERL). A large population study revealed that 46% of TEF
atients have at least one other VACTERL malformation.1
Surgical therapy of the TEF is evolving, with open thoracic liga-
ion being the gold standard, however thoracoscopic ligation is
ncreasingly being performed.2–4 Repair of the EA depends on the
istance between the proximal and distal pouch: For short gap
A, primary repair is the preferred approach. For long gap EA the
oker technique with axial traction or the Kimura advancement
ith extrathoracic spit ﬁstula (SF) are surgical options.5 However, a
ecent study from the University of Southern California, Los Angeles
eported that in very low-birth-weight infants (<1500 g) a staged
epair of EA/TEF with initial TEF ligation and delayed primary EA
epair resulted in fewer anastomotic complications and decreased
orbidity.6
∗ Corresponding author at: 800 Washington Street, #344, Boston, MA  02111,
nited States. Tel.: +1 617 636 5025; fax: +1 617 636 8122.
E-mail address: bchiu@tuftsmedicalcenter.org (B. Chiu).
210-2612/$ – see front matter © 2013 The Authors. Published by Elsevier Ltd. on behalf 
ttp://dx.doi.org/10.1016/j.ijscr.2013.09.016ed  by Elsevier  Ltd. on  behalf  of  Surgical  Associates  Ltd.  All rights  reserved.
Duodenal atresia is a major etiology of congenital intestinal
obstruction. It occurs in approximately 1 in 6000–10,000 live births
and is associated with an approximately 5% mortality and long-
term complications.7 Duodenal atresia (DA) is present in only about
3–6% of EA patients.8,9
The combined presence of TEF, EA and DA presents several man-
agement challenges. On one hand, the presence of TEF predisposes
the patient to respiratory compromise from aspiration. TEF also ﬁlls
the stomach with air that cannot traverse through the rest of the
gastrointestinal tract due to the DA. This gastric distension also can-
not be decompressed with a nasogastric tube due to the EA. Which
condition should be addressed ﬁrst, and should the defects be
repaired together or in a staged fashion? Due to the rare occurrence
of having all three anomalies, no consensus exists regarding the
optimal treatment strategy for this complicated patient population.
Studies pertaining to those questions include patients that under-
went surgery as along as 40 years ago. This case series presents
our management strategy and patient outcome in the current era
(Table 1).
2. MethodsThe study was  approved by the Tufts Health Sciences Campus
Institutional Review Board (IRB#10488). Medical records of three
patients with combined TEF/EA and DA from 2010 to 2012 treated
of Surgical Associates Ltd. All rights reserved.
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t the Floating Hospital for Children at Tufts Medical Center were
eviewed.
. Patients
.1. Patient 1
The patient was one of a twin gestation (mono-di) after in vitro
ertilization. On prenatal ultrasound, the patient was noted to have
 double bubble and polyhydramnious with concerns for duodenal
tresia. The patient was delivered via c-section at 34 weeks due to
onreassuring heart rate tracings with decelerations and weigh-
ng 1388 g at birth. His Apgar scores were 8 at one minute and 9
t ﬁve minutes. His anus was patent, and his renal ultrasound was
ithin normal limits. Postnatal echo showed a misaligned ventri-
ular septum and a right-sided aortic arch. Chest and abdominal
-rays revealed the presence of EA/TEF and DA without any verte-
ral anomalies (Fig. 1A).
On day of life (DOL) #1 the patient was taken urgently to
he operating room ﬁrst for placement of a gastrostomy tube
Malecot, 10 Fr) followed by bronchoscopy, right posterior lateral
horacotomy, ligation of the tracheoesophageal ﬁstula, and pri-
ary repair of esophageal atresia. Due to an iatrogenic pleural
efect an intrapleural instead of an extrapleural chest tube was
nserted in the right chest (Fig. 1B). The patient was kept intubated,
nd on DOL#4 the patient underwent exploratory laparotomy and
uodenoduodenostomy (Fig. 1C). A nasojejunal feeding tube was
laced during the DA repair.
The patient was extubated on DOL#7, and enteral feedings
ere begun via a nasojejunal tube on DOL#6. As oral feeding was
ncreased, feedings via the nasojejunal tube was decreased. The
atient reached full volume oral feeds on DOL#16 when the naso-
ejunal tube was removed. The chest tube was removed on DOL#14.
hen the patient was discharged on DOL#21, he weighed 1660 g.
t the three-month follow-up the patient weighed 3460 g. At one
ear, the patient was tolerating enteral feedings with only inter-
ittent respiratory distress or reﬂux.
.2. Patient 2
The patient was a female delivered at 35 weeks via vaginal deliv-
ry and weighed 2153 g. Apgar scores were 7 and 8 at one and ﬁve
inutes, respectively. A prenatal ultrasound demonstrated poly-
ydramnios and a double bubble. The initial chest and abdominal
-rays showed no vertebral anomalies but a distended stomach,
uggesting duodenal obstruction. An inability to pass a nasogastric
ube conﬁrmed the presence of EA and TEF. Her anus was patent,
nd the renal ultrasound was within normal limits.
A cardiac echo revealed a left sided aortic arch and an atriosep-
al defect. On DOL#2 the patient went to surgery for placement of
 12 Fr gastrostomy tube, followed by a right thoracotomy with
igation of the TEF, and primary repair of the EA. An extrapleural
hest tube was also placed in the right chest. The patient was kept
ntubated, and on DOL#8 the patient returned to the OR for duo-
enoduodenostomy to address the annular pancreas and duodenal
tresia. The patient was  extubated on DOL#10, and the chest tube
as removed on DOL#16. On DOL#13 the patient had a swallow
tudy that showed no esophageal or duodenal leakage. On DOL#14,
nteral feeds were initiated and by DOL#22 the infant received full
olume oral feeds. The patient was discharged on DOL#25 weigh-
ng 2374 g. At the six-month follow-up appointment, the patient
howed adequate growth, without signs of reﬂux or respiratory
roblems. The patient remained well at two years with appropriate
eight gain.rgery Case Reports 5 (2014) 1288–1291 1289
3.3. Patient 3
The patient was  a premature male (33 weeks, 5 days) who
weighed 1924 g at birth after vaginal delivery. Apgar scores were
8 and 9 at one and ﬁve minutes, respectively. The pregnancy was
complicated by advanced maternal age, and prenatal ultrasound
demonstrated polyhydramnios. He was  pink and vigorous on room
air. His anus was patent and he had an undescended left testicle.
A nasogastric tube could not be placed, and an abdominal X-ray
showed a distended stomach. There was  no air noted in the dis-
tal bowel and there was malformation of the 6th lumbar vertebra.
The patient also required phototherapy for hyperbilirubinemia. On
DOL#2 the patient ﬁrst underwent an open gastrostomy tube place-
ment followed by a right thoracotomy, with extrapleural ligation of
the TEF and primary EA repair. An extrapleural right chest tube was
inserted. The patient remained intubated, and on DOL#7 the patient
underwent a duodenoduodenostomy and a Ladd’s procedure for
annular pancreas and malrotation. The patient was extubated on
DOL#8 and the chest tube was removed on DOL#13. Oral feed-
ings were initiated on DOL#12 after the swallow study revealed
no esophageal or duodenal leakage. The patient was  discharged on
DOL#13 weighing 2176 g. At age 7 months the patient exhibited
mild symptoms of reﬂux and noisy breathing. These symptoms
improved signiﬁcantly and resolved by 13 months of age. The
patient remained well at two  years.
4. Discussion
In all our patients polyhydramnios was diagnosed during pre-
natal ultrasound evaluation. Each of our patients underwent a
staged repair: during the ﬁrst operation, a gastrostomy tube was
inserted ﬁrst to allow gastric decompression, then the TEF-EA
repair was undertaken via a posterolateral thoracotomy using an
extrapleural approach. The DA repair was performed within one
week afterwards, after routine performance of a contrast study.
None of the patients suffered signiﬁcant pre- or post-operative
complications, and none of the associated anomalies compromised
the patient’s recovery. There was no mortality. The average hos-
pital stay was  20 days. Our follow-up data (between 12 and 24
months) suggest that all patients eventually outgrow their reﬂux
and respiratory symptoms.
In 1981, Spitz et al. described the management of 18 infants with
combined TEF/EA and DA. The study reported a 33% early survival
rate. The authors also recommended a staged repair addressing
gastric decompression and EA/TEF ﬁrst, followed by duodenoduo-
denostomy a few days later.8
A more recent study from the Hospital for Sick Children in
Toronto that included 17 patients with combined defects between
the 1971 and 2000 reported an overall 88% survival rate. The group
recommended a staged repair preferably within one week. Of note,
the majority of deaths resulted from failure to initially diagnose the
duodenal atresia.10
In a 2007 case series from Royal Children’s Hospital, Melbourne,
three patients with combined TEF, EA, and DA were reported. One
patient underwent simultaneous EA/TEF and DA repair on DOL#1.
Another patient developed respiratory distress and underwent only
a decompressing gastrostomy and feeding jejunostomy on DOL#3.
This patient ultimately expired on DOL#11. The third patient was a
28-week old female twin (808 g) diagnosed with EA/TEF and under-
went repair on DOL#2. Increasing abdominal distension led to an
exploratory laparotomy on DOL#21. DA could not be ruled out at
that time. The infant expired on DOL#42 and a post-mortem diag-
nosis of DA was made.11 This underlines again that patients with
TEF and EA should undergo early evaluation for DA as failure to
diagnose may  lead to devastating outcomes.10,11
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Oig. 1. X-ray series of patient #1. (A) Prior to surgery with distended stomach and
epair of TEF and EA, and insertion of a nasogastric tube. (C) Two  days after DA rep
paciﬁcation of the small bowel without signs of anastomotic leakage.
A case series from the Children’s Hospital, Randwick, Australia
ncluded 10 patients (1976–2000) with combined TEF, EA, and
A. The authors concluded that a primary simultaneous repair
f these anomalies without a gastrostomy was adequate with-
ut notable increase in morbidity or mortality compared to a
taged approach. In addition, the authors argue that the use of
he Kimura diamond anastomosis for DA allows for early func-
ioning of the duodenal anastomosis and may  preclude the use
f a gastrostomy in patients with EA and DA.12 Five of nine
atients had anastomotic strictures, three of nine patients required
undoplication due to severe gastroesophageal reﬂux disease,
ne patient had recurrent TEF, and one required tapering of a
egaduodenum.12
able 1
verview of patient characteristics and tabular hospital course.
Patient #1 Pati
Length of stay 21 days 25 d
Gender Male Fem
Birth  weight (g) 1388 215
Weight at time of
discharge (g)
1660 237
Gestational age 34 weeks 35 w
Prenatal diagnosis Polyhydramnios, double bubble, twin B Poly
Cardiac  condition Misaligned ventricular septal defect,
right-sided aortic arch
Atri
Other associated con-
ditions/anomalies
Intrauterine growth retardation, large
misaligned ventricular septal defect,
GERD, hyperbilirubinemia
Sacr
Side  of aortic arch Right Left 
First  surgery DOL#1
Gastrostomy tube placement,
bronchoscopy, right posterior lateral
thoracotomy, ligation of
tracheoesophageal ﬁstula, repair of
esophageal atresia, right chest tube
DOL
Gast
bron
thor
trac
esop
Second surgery DOL#4
Exploratory laparotomy:
duodenoduodenostomy
DOL
duo
Enteral  feeds started DOL#5 DOL
Post-OP course DOL#7 extubated DOL#14 chest tube
removed
DOL
rem
Complications None Non
Follow-up information 12 months: tolerating feeds,
intermittent respiratory distress
2 yeastric tube in the upper esophageal pouch. (B) After gastrostomy tube placement,
rrows mark long NG tube. (D) Upper GI study with patent esophageal conduit and
Holder et al. in a case series study from Mercy Hospital, Kansas
City Missouri argued for a repair of the DA ﬁrst, followed by EA
repair after approximately one week. This would allow for return
of function at the duodenal anastomosis and protect it from alkaline
reﬂux.13
Based on our experience we would recommend a staged
approach of two surgeries. During the ﬁrst surgery, the gastros-
tomy tube is placed prior to ligation of the TEF and repair of the EA.
This gastric decompression serves to prevent abdominal disten-
sion and subsequently respiratory compromise. Should respiratory
compromise be noted due to preferential ventilation of the stom-
ach, the tube can be intermittently clamped until the ﬁstula ligation
is completed. Once this emergent issue has been resolved, TEF
ent #2 Patient #3
ays 13 days
ale Male
3 1924
4 2176
eeks 33 weeks
hydramnios, double bubble polyhydramnios, premature
rupture of membrane
oseptal defect None
al dimple, atrioseptal defect Hyperbilirubinemia, malrotation,
left undescended testicle,
Left
#2
rostomy tube placement,
choscopy, right posterior lateral
acotomy, ligation of
heoesophageal ﬁstula, repair of
hageal atresia, right chest tube
DOL#2
Gastrostomy tube placement,
bronchoscopy, right posterior
lateral thoracotomy, ligation of
tracheoesophageal ﬁstula, repair of
esophageal atresia, right chest tube
#7 Exploratory laparotomy:
denoduodenostomy
DOL#7 Exploratory laparotomy:
malrotation
duodenoduodenostomy, LADD’s
procedure
#13 DOL#11
#10 extubated DOL#16 chest tube
oved
DOL#8 extubated DOL#13 chest
tube removed
e Tracheomalacia
ars: no problems 2 years: no problems
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igation and EA repair can be safely undertaken with decreased risk
f contaminating the chest with gastric contents under pressure.
he repair of the DA can then be performed within 3–7 days under
ontrolled circumstances.
Our experience lends validity to the strategy of a staged
pproach. While our patient number is low and our follow-up infor-
ation is relatively short, none of our patients suffered signiﬁcant
eri-operative complications that have been described in the liter-
ture. At the end of the available follow-up intervals, all patients
ere able to tolerate enteral feeds without signiﬁcant sequelae
rom their congenital conditions or their surgeries.
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